In the study of C02, H2CO3, HCO and CO;, with 002 and HCO-predominating. The composition of the equilibrium mixture in a closed system, with a gas phase and a liquid phase, is governed by the volumes of the gas and liquid phases, the dissooiation constants of carbonic acid, pH, and the .absorption coefficient of C02.
In the study of Roughton, 1934; Roughton, 1935) have already pointed out, carbonic anhydrase can be used as a tool in studying this kind of problem. The present paper is an attempt. to discuss the scope of this tool, to elaborate the experimental conditions under which it can be used and to define the conclusions which can be drawn from various types of experiments. Applications of the method to the study ofurease and yeast carboxylase are given.
Theoretical con8ideration8 General. In this paper the term carbonic acid is used to mean the sum of the true carbonic acid (H2CO3) and the forms arising therefrom by electrolytic and molecular dissociation. Under physiological conditions, i.e. in the region of neutrality, carbonic acid is present in four forms: C02, H2CO3, HCO and CO;, with 002 and HCO-predominating. The composition of the equilibrium mixture in a closed system, with a gas phase and a liquid phase, is governed by the volumes of the gas and liquid phases, the dissooiation constants of carbonic acid, pH, and the .absorption coefficient of C02.
The effect of carbonic anhydrase on the course of a reaction in which carbonic acid takes part depends on the nature of the primary product (whether C02 or H2CO) and on the factors controlling the secondary reactions leading to the formation of 'the equilibrium mixture. Among the latter, the pH and the nature and concentration of the buffers are outstanding in importance.
The use of carbonic anhydrase is limited by the following two requirements:
(1) The rate of the reaction in which carbonic acid is formed or used must be rapid in comparison with the rates of the uncatalyzed reaction H2CO3 = H20 + C02.
Otherwise no observable effect will be caused by addition of the enzyme.
(2) The reaction must take place under conditions where carbonic anhydrase is active; substances inactivating carbonic anhydrase must be absent.
In If, in contrast, the pH is higher, say in the region of 7-0 or higher, some C02 will enter into secondary reactions yielding mainly HC0 . The change of C02 pressure in a closed system will then depend on the relative rates of (1) the primary reaction yielding C02, (2) the secondary reaction converting C02 into HCO-, and addition of carbonic anhydrase should diminish the rate of C02 evolution in the early stages, but the precise effect of carbonic anhydrase will vary according to the relative rates of (1) and (2). Thus if (1) is much more rapid than (2), a rapid evolution of CO in excess of the equilibrium will be followed by a slow absorption of the excess (Table 1 and Fig. 1) ; as the rate of (1) approaches that of (2), the amount of excess CO2 diminishes (Table 3, Figs. 3 and 4) . In both cases the addition of carbonic anhydrase will accelerate 550 the early stages of the reaction, so that the system is in equilibrium throughout the reaction, but the effect of this enzyme is of course less marked in the second case. If the rate of (1) is equal to the rate of (2), C02 will not be evolved in excess of the equilibrium, and in this case carbonic anhydrase will have no demonstrable effect. Effect8 of carbonic anhydraae if HCO3 or H2003 is the primary forn of carbonic acid. As the reactions H2003 = H+ + HC0O are extremely rapid in comparison with the reaction H2C00 Z H20 +C02 the effects of carbonic anhydrase are expected to be the same if either H2CO3 or HC0-is the primary product of the reaction. In both cases carbonic anhydrase will accelerate the evolution of carbon dioxide if the pH is at or near the neutral point. An example is the standard procedure of Meldrum & Roughton *(1933) of mixing a bicarbonate solution with phosphate buffer in the presence and absence of enzyme.
As the pH rises, the formation of C02 from bicarbonate decreases in magnitude until it becomes negligible above pH 8-0. Effects of carbonic anhydrase are therefore not expected at that pH. On the acid side ofthe neutral point, say between pH 5-0 and 6-0, the rate of the uncatalyzed decomposition of H2CO3 is very rapid and the manometric measurement of the acceleration by carbonic arthydrase becomes difficult. Roughton & Booth (1946) , ox blood serving as the starting material. In a few cases laked ox blood was used. In the following protocols 'carbonic anhydrase' refers to the undiluted chloroformethanol extract, unless stated otherwise. To obtain maximum effects it was necessary to add about 0-1 ml. of this to 2 or 3 ml. of the reaction mixture.
EXPERIMENTAL
Inhibitors. Thiophen-2-sulphonamide, kindly supplied by the American Cyanamide Company, was used as a. standard inhibitor; 0-1 ml. of a 0-05 % aqueous solution wai added to the solution. According to Davenport (1945) , the discoverer of the inhibitory action of this compound, thiophen-2-sulphonamide, is about 6 times as inhibitory as is sulphanilamide at 00. After most of the work reported in this paper was completed it was found that p-toluene. sulphonamide is still more effective as an inhibitor than thiophen-2-sulphonamide, and this substance was used in V01. 43 551 some experiments. Controls indicated that these sulphonamides had no significant effect on the activity of urease or yeast carboxylase when carbonic anhydrase was absent. Experiments with urease Our first experiments with urease were carried out in 1934 and have already been referred to briefly (Roughton, 1935 Fenton (1885) and by Armstrong & Horton (1912) , and substantiated by Yamasaki (1920), Mack & Villars (1923) , and especially by Sumner, Hand & Holloway (1931 is extremely rapid (Faurholt, 1924) To 20 ml. yeast extract were added, immediately before use, Na2HPO4. 2H20 (178 mg.) and, drop by drop, C02-free N-NaOH (1-7 ml.). The resulting turbid mixture turned phenol red pink and showed electrometrically a pH of 7-0. A 0-2m-pyruvate solution of the same pH and phosphate concentration was prepared from a N-stock solution of pyruvic acid, Na2HPO4.2H20 and C02-free N-NaOH.
The details of two experiments showing the effects of carbonic anhydrase are given in Table 3 and Figs. 3 and 4. In both experiments carbonic anhydrase retarded the evolution of C02 in the manner expected for a reaction yielding CO2 as the primary product. At 7.50 the excess of CO2 evolved was greater than at 150 and the effect of carbonic anhydrase correspondingly more marked. A greater effect is expected at a lower temperature if the temperature coefficient of carboxylase (which is about 2-1) is smaller than that ofthe uncatalyzed hydration of CO2.
As regards the rate of CO2 evolution from its substrate the carboxylase was less potent than the urease, and in addition, the rate of reaction dropped more rapidly with decreasing substrate concentration in the case of carboxylase. These two factors account for the differences in the shapes ofthe curves obtained with the two enzymes, although in both cases CO2 is the primary product.
In similar experiments at pH 6-0 and 5-0 no effects of carbonic anhydrase were seen.
It will be noted that there is a short lag period before the full rate of CO2 evolution is reached. It is veryunlikelythatanysignificantpart ofthis lagis due to diffusion. Attemptsto abolish the lagwere unsuccessful. Addition to the main compartment of small amounts of glucose or pyruvate which were decomposed during the equilibration period had no effect.
The experiments leave no doubt that C02, and not H2003 or HCO-, is the primary product of decarboxylation. This result is in contrast to that of Conway & MacDonnell (1945) , who claimed in a preliminary publication to have observed an acceleration of the CO2 output by carbonic anhydrase, when yeast carboxylase acts upon pyruvate. Prof. Conway has kindly supplied the full experimental details in the procedure employed by Conway & MacDonnell, and it has therefore been possible to repeat their experiments. Conway & MacDonnell worked at pH 5-5 and 370 and added a large excess of pyruvate. Under such conditions we did not find any difference between the rates of CO2 evolution in the presence and absence of carbonic anhydrase and the results of Conway & MacDonnell thus could not be confirmed. At pH 5*5 and 370 the rate of the uncatalyzed dehydration of H2CO3 is very fast, the time for the half-reaction being about 0-8 sec.; no additional manometric effect is therefore to be expected on addition of carbonic anhydrase, and the effects recorded by Conway & vious workers (see Roughton, 1943) , but the use of the Warburg manometer for the study of this reaction has not been described in detail. The following experimental conditions, which are similar to those used in various forms of the 'boat' method of Meldrum & Roughton (1933) , were found to be suitable for the given dimensions of the Warburg flasks.
Solutions. Phosphate buffer (0*1M) prepared by mixing 300 ml. Ol-Na2HPO4 with 200 ml. 0 1m-KH,PO4; NaECO3 0O1Im and 0.05M.
Manomeric arrangement. For experiments at 00, 2 ml.
phosphate buffer, and additions such as carbonic anhydrase and inhibitors in a total volume of 0-2 ml., were meiasured into the main compartment and 1 ml. OlM-NaHCO3 into the side arm. For experiments at temperatures between 15 and 40°, 1 ml. buffer was used instead of 2 ml., and 1 ml. 0 05M-NaHCO0 was placed in the side arm. An experiment at 15°is shown in Table 4 . It will be seen that the initial rate was accelerated more than sixfold by the enzyme. At 380 the initial acceleration was about twofold.
At low enzyme concentration the acceleration caused by carbpnic anhydrase is proportional to the enzyme concentration as shown in Table 5 The increased CO2 output is thus proportional to the amounts of carbonic anhydrase added. The procedure is, therefore, suitable for quantitative measurements on the concentration of the enzyme in tissues and on the action of inhibitors. It must be emphasized that the rigid precautions in cleanliness -acid washing, rinsing with doubly distilled water, prevention of contamination by gas and metallic impurities-which Roughton & Booth (1946) In previous work the reciprocal of the time taken. for a given evolution of C00 has been used as a measure of the enzyme activity, but if the rate of C00 evolution is linear, as is here the case in the 
